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After infection with varicella-zoster virus, HeLa and human embryo lung cells
developed a receptor for the Fc portion of human and rabbit immunoglobulin G.
The receptor was detected by both hemadsorption and immunofluorescence,
using antibody-coated erythrocytes and heat-aggregated immunoglobulin G.
However, sheep erythrocytes sensitized with F(ab')2 of anti-sheep erythrocyte
antibody did not adsorb to the receptor. When cell-free varicella-zoster virus was
inoculated into the HeLa cell monolayer, the Fc receptor appeared at first 6 h
after infection; varicella-zoster virus antigen in the cytoplasm and detectable
cytopathic effects appeared later.

Cells infected with herpes simplex virus de-
veloped the ability to bind sheep erythrocytes
(SE) sensitized with rabbit anti-SE serum (11).
The failure of the F(ab')2 fragment of immune
gamma globulin against SE to mediate the re-
action had led to the suggestion that the phe-
nomenon was due to the appearance of a recep-
tor for the Fc fragment of immunoglobulin in
the cell membrane (14, 15).

Recently, many believe that in addition to
cells infected with herpes simplex virus cells
infected with cytomegalovirus (4, 5, 9, 13) and
Epstein-Barr virus (6) also exhibit an immuno-
globulin G (IgG) receptor in their surface mem-
branes. In the case of varicella-zoster virus
(VZV), one of the human herpesviruses, hardly
any reports have been made on the appearance
of the Fc receptor on the membrane of infected
cells. The present report describes aspects of an
IgG receptor which appeared in cultured human
cells after infection with VZV.
HeLa cells and human embryo lung (HEL)

cells were cultured in Eagle miimal essential
medium supplemented with penicillin (100 U/
ml), streptomycin (100 ,ug/ml), and 15% heat-
inactivated fetal bovine serum for HEL cells or
10% fetal bovine serum for HeLa cells. HeLa and
HEL cells were seeded in a 16-mm well, multi-
dish tray (Linbro Scientific Co. Inc.) containing
a glass cover slip. The tray was incubated at
37°C in a CO2 incubator for 2 to 3 days, and the
monolayers obtained were used for the experi-
ment. Three strains of VZV isolated from pa-
tients with herpes zoster were used. VZV strain
Ohtomo had been passaged at least 100 times in
HEL cells, and the other two strains, Hirai and
Kanno, were freshly isolated from patients and

passaged 3 to 10 times in HEL cells. These three
strains of VZV were identified with a reference
immune serum (purchased from Flow Labora-
tories) by the immunofluorescence (IF) tech-
nique.

VZV-infected HEL cells were prepared by
trypsinization of a HEL monolayer which had
been infected with VZV. The trypsinized cells
were suspended in a growth medium for HEL
containing 10% dimethyl sulfoxide and then
stored at -80°C until use. Cell-free VZV was
prepared following the procedure reported by
Schmidt and Lennette (10).

Purified human and rabbit IgG's were ob-
tained from pooled human sera from three chil-
dren and from normal rabbit serum, using dieth-
ylaminoethyl-cellulose chromatography. These
sera were confirmed for the absence of anti-VZV
antibodies by indirect IF and neutralization tests
(titers < 1:5). The obtained IgG was adjusted to
20 to 50 mg/ml in a concentration of protein in
phosphate-buffered saline (pH 7.2) and heated
at 630C for 15 min to obtain aggregated IgG
(agg-IgG). Rabbit anti-SE serum and anti-Rho
(D) gamma globulin (Rhobulin) were purchased
commercially. Anti-VZV serum was obtained by
hyperimmunization of rabbits with the Ohtomo
strain. The F(ab')2 fragment from IgG of rabbit
anti-SE sera was prepared by pepsin digestion
according to the procedure of Nisonoff et al. in
principle (7). The digested IgG was fractionated
by gel filtration on a Sephadex G-100 column,
and the major protein peak containing F(ab')2
was further fractionated by carboxymethylcel-
lulose chromatography, using the gradient buffer
system of Porter (8), and concentrated by ultra-
filtration (Minicon B-15, Amicon Corp., Lexing-
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ton, Mass.) to 0.64 mg of protein per ml.
In most experiments, hemadsorption (HAD)

was carried out by using SE sensitized with
rabbit anti-SE antibody as indicator cells (15).
One-tenth milliliter of a 1% suspension of sensi-
tized SE was added to the VZV-infected mono-
layer cells on a cover slip. The monolayers were
incubated at 370C for 30 min, and then the cover
slips were rinsed in Hanks balanced salt solution
containing 0.1% gelatin (GH medium) for the
removal of unadsorbed SE. The monolayers
were examined for HAD under x100 magnifica-
tion in a microscope, and the HAD was graded
from 1+ to 3+ according to the degree of adher-
ence ofSE to the monolayer. A similar technique
was used for the experiments employing human
erythrocytes sensitized with Rhobulin as indi-
cator cells.
The first experiment was carried out to ex-

amine HAD with sensitized SE and human
erythrocytes and to determine what fraction of
immunoglobulin of anti-SE serum was effective
for HAD after sensitization of SE. HeLa cell
monolayers on cover slips were inoculated with
20 VZV (Ohtomo)-infected HEL cells per cover
slip and were incubated at 370C for 2 days.
When one of the rabbit anti-SE sera, which had
a hemagglutinating antibody titer of 1:1,024, was
used for the sensitization of SE, the SE sensi-
tized with 1 unit of this antibody adsorbed to
the surface of the VZV-infected HeLa cells. Un-
sensitized SE did not adsorb to virus-infected
HeLa cells at all, and uninfected cells did not
show adsorption of sensitized SE.
When similar experiments were performed

with human erythrocytes (Rh positive) and
Rhobulin, VZV-infected HeLa cells also ex-
hibited HAD with the human erythrocytes sen-
sitized with a 1:200 dilution of Rhobulin, al-
though direct hemagglutination was negative at
a 1:50 dilution (Table 1).
When HAD was carried out with IgG and IgM

fractions of the same anti-SE antiserum, SE
sensitized with a 1:512 dilution of IgG exhibited
HAD on the infected HeLa cells, although SE
were not agglutinable to each other. In contrast,
SE sensitized with the same dilution of IgM of
the antiserum markedly agglutinated but did
not adsorb to the infected HeLa cells at all.
Subsequently, the F(ab')2 fraction of IgG from
the same anti-SE serum retained hemagglutin-
ating activity at a dilution of 1:160 against SE;
however, the indicator cells sensitized with this
dilution did not adhere to the foci of infected
HeLa cells.
The second experiments were performed to

find out the difference in the appearance of the
Fc receptor between diploid and tumor cell lines,
i.e., HEL and HeLa cells. Two cell lines were
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propagated in a monolayer on cover slips and
were infected with three strains of VZV by the
inoculation of 20 to 30 infected HEL cells onto
the monolayer. The infected cultures were in-
cubated at 370C for 48 h and tested for HAD
with sensitized SE. The apparent HAD was
observed with three strains of VZV (Table 2). In
all cases, including the three VZV strains and a
herpes simplex virus strain, HAD was always
stronger in HeLa than in HEL cell cultures.

In the third experiment the presence of Fc
receptors in infected HeLa cells was also dem-
onstrated by adsorption of agg-IgG to the cells.
About 20 HEL cells infected with the Ohtomo
strain of VZV were inoculated onto the HeLa
cell monolayer on a cover slip. At 48 h postin-
fection, the monolayers were washed and human
or rabbit agg-IgG was introduced onto them at

TABLE 1. HAD mediated by erythrocytes sensitized
with rabbit and human antibody to VZV-infected

HeLa cells
HAD to HeLa

Erythro- Recipro- Hemag- cellW"
cytes, Antibody cal of di- glutina-

lution tion VZV in- Unin-
fected fected

Sheep Rabbit anti- 512 + 2+ -

SE
1,024 + 1+ -

2,048 - - -
None _ _

Human Human anti- 50 _b 1+ -

Rho (D)
100 - 3+ -

200 - 2+ -

None I- I- I-
Positive reactions were graded from 1+ to 3+: 1+,

less than 10% of infected area; 2+, 10 to 50%; 3+, more
than 50%. -, Negative reaction.

b Positive for hemagglutination with indirect
(Coomb's) method.

TABLE 2. HAD by HEL and HeLa cells infected
with three strains of VZV

HAD to infected
Virus Strain culture cells

HEL HeLa
VZV Ohtomo 1+ 2+

Hirai 2+ 2+
Kanno 2+ 3+

HSVb type 1 Miyama 2+ 3+
None - -

a HAD using SE sensitized with rabbit anti-SE (IgG,
1:256). Reactions scored as given in footnote a, Table
1.

b HSV, Herpes simplex virus.
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an appropriate dilution in GH medium. After
incubation for 30 min at 370C, the monolayers
were washed with GH medium and stained with
indirect IF, using rabbit anti-human IgG or goat
anti-rabbit IgG conjugated with fluorescein iso-
thiocyanate. The human agg-IgG adsorbed to
the infected HeLa cells at a concentration of0.05
mg/ml, and the rabbit agg-IgG adsorbed to them
at a concentration of 1 ml/ml. Thus, human IgG
was approximately 20 times stronger than rabbit
IgG in affinity to the infected cells. Neither type
of IgG adsorbed to uninfected HeLa cells. Fluo-
rescence was observed on the cell surface in
small, disseminated, punctated, or irregular,
patchy spots. The pattern of fluorescence was
distinctly different from that of surface VZV
antigen, which showed diffuse or circumscribed
fluorescence on the cellular membrane.
The reaction was also seen when the VZV-

infected cells were fixed in acetone for 10 min at
room temperature. Human and rabbit agg-IgG
bound to the acetone-fixed, infected HeLa cells
at concentrations of 0.5 and 10 mg/ml, respec-
tively, which was 10 times the concentration of
agg-IgG necessary for binding to the unfixed,
infected HeLa cells.
The last experiments were performed to trace
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the time course of appearance of the Fc receptor
in infected HeLa cultures as compared with the
formation of viral antigens. The HeLa cell cul-
tures were inoculated with cell-free virus (Kanno
strain of VZV) at an input multiplicity of 0.05
plaque-forming unit/cell. One-fifth milliliter
each of the virus suspension in maintenance
medium was added to the cover slips, and after
2 h of virus adsorption at room temperature the
medium was removed and 1 ml of fresh main-
tenance medium was added to each well before
the tray was incubated at 370C. At intervals
indicated in Fig. 1, three cover slips were with-
drawn and examined for HAD, agg-IgG binding,
and synthesis of viral antigen by IF. HAD and
the binding of agg-IgG were tested in unfixed
cells, and the viral antigens were examined in
acetone-fixed cells. Each experiment was carried
out using three cover slips, and the average
number of foci on the cover slip, including HAD-
and IF-positive cells, was counted. The foci of
HAD- or IgG-bound cells appeared 6 to 8 h after
infection and increased in number until 24 h
later (Fig. 1). The appearance of HAD-positive
cells and IgG-bound cells consistently preceded
the appearance of VZV antigen-positive cells,
which was first observed 12 h after infection of

VZV-Ag
x_.-R

Fc-R

HAD

/

/
I
I

CPE (-) (-) (±) (+)
uninfected cells

0 4 8 12 16 2) 24 28 32 36
Hours after infection

FIG. 1. Appearance of the Fc receptor and viral antigens in HeLa cells infected with cell-free VZV.
Symbols: Number offoci with HAD-positive cells (-); Fc receptor-positive cells with binding of agg-IgG (0);
viral antigen-positive cells (A) in VZV-infected HeLa cell monolayer. Controls: foci with HAD (U), agg-IgG
binding (0), and viral antigens (A) in an uninfected monolayer. CPE, Cytopathic effect.
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the HeLa cell cultures. The number of foci with
IgG-bound cells and that with VZV antigen-con-
taining cells were almost the same after 20 h of
infection. This result indicated that in the late
stage of infection in the HeLa cells, most cells
synthesizing VZV antigen were reactive to the
agg-IgG. However, only 45% of the foci produc-
ing VZV antigen were detectable with HAD.

In this report, we confirmed that VZV-in-
fected HeLa and HEL cells were adsorbed with
rabbit or human IgG which had been coated on
the erythrocytes or aggregated by heating. HAD
was observed with three different strains ofVZV
and was always stronger in HeLa than in HEL
cell cultures.
When the IgG fraction of rabbit anti-SE an-

tibody was used for the sensitization of SE, HAD
occurred in infected HeLa cells, but SE sensi-
tized with the IgM fraction of anti-SE antibody
did not adsorb. When the IgG of the antibody
was treated with pepsin it lost the capacity to
mediate HAD, although the capacity to agglu-
tinate SE was retained. Thus, it was proved that
HAD was performed by the Fc portion of the
IgG antibody.
VZV-infected HeLa cells also exhibited HAD

with human anti-Rho (D) antibody. There
seemed to be a difference in the affinity to
human IgG between the HADs by VZV- and
herpes simplex virus-infected cells. In our opin-
ion, the Fc receptor induced by VZV is likely
stronger in affinity to human IgG than in that to
rabbit IgG, and this is quite contrary to the
receptor induced by herpes simplex virus, which
had shown stronger HAD with rabbit IgG than
with human IgG (15). The presence of the Fc
receptor in VZV-infected HeLa cells was also
demonstrated by adsorption of heat-aggregated
IgG on their surface. Both human and rabbit
agg-IgG, in which no detectable antibody was
present, had adsorbed to the surface of VZV-
infected HeLa cells, and the IgG was detected
by indirect IF. It is well known that Fc receptor
induced by cytomegalovirus has been detected
in acetone-fixed cells by IF staining (4, 5) and
binding of 12'I-labeled IgG (13). Furukawa et al.
reported that normal human sera, which were
negative in complement-fixing antibody to cy-
tomegalovirus, bound to the cytomegalovirus-
infected cell surface at a high dilution (4). We
also found that human agg-IgG bound to the
acetone-fixed VZV-infected cells, although the
concentration of IgG needed was 10 times higher
than that used for binding to unfixed, infected
HeLa cells. However, in our experiences during
the study of VZV, human IgG from anti-VZV
antibody-negative serum did not adsorb to VZV-
infected cells unless it was agg-IgG. During the
titration of serum samples to detect antibody to
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VZV by indirect IF, we found many antibody-
negative samples (titers < 1:5) and never ob-
served the nonspecific binding of immunoglob-
ulin to unfixed or acetone-fixed, VZV-infected
cells. It is conceivable that these findings are due
to the biological difference in the Fc receptors
induced by VZV and cytomegalovirus.
Comparing our findings with those of others,

we suggest that the difference in the properties
of Fc receptor induced by VZV and other her-
pesviruses is as follows. (i) VZV-infected cells
bound human agg-IgG more strongly than rabbit
agg-IgG and did not adsorb native human IgG.
(ii) Cytomegalovirus-infected cells also bound
human IgG more strongly than rabbit IgG (5,
13) but adsorbed native human IgG (4, 5). (iii)
However, herpes simplex virus-infected cells
bound both human and rabbit IgG's to a similar
extent (3) or sometimes slightly more strongly
in rabbit IgG than in human IgG (14), and they
also adsorb native human IgG (3).
From the time course study of the infection of

cell-free VZV in HeLa cells, the appearance of
both HAD-positive and agg-IgG-bound cells
consistently preceded the appearance of VZV
antigen-positive cells. Similar results were ob-
served in investigations with herpes simplex vi-
rus-infected (1, 2, 12, 13) and cytomegalovirus-
infected (4, 13) cells.
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